Abstract: Accurate standard meteorological data sets for each city are essential elements to assess and analyze high-performance buildings quantitatively in order to ensure that they comply with energy saving policies of the nation. ECO2, which is an assessment program of building energy in Korea, has employed meteorological data of the closest city to the target location from 13 urban meteorological data references; the employment of this program has demonstrated the ability to reflect climatic differences between cities. The present study expanded urban meteorological data to ISO TRY (International Organization for Standard Test Reference Year), an international standard methodology that can calculate the data in a relatively simple manner using observed data in Korea, as much as possible in order to reflect meteorological data, including the air temperature relevant for heating and cooling energy as well as solar radiation (cooling/heating energy) for each city, that affected the assessment of building energy the most. In the present study, existing data is expanded to a show the standard meteorological data of 66 cities that can be put into the Korean assessment program (ECO2). This data considered valid meteorological data (minimum statistical period, air temperature, relative humidity, wind, and solar radiation, etc.) among manned and unmanned observational data obtained from 479 locations from 2001 to 2010. For cities other than the 66 aforementioned cities, zoning was conducted to separate cities that had and did not have the standard meteorological data using a cumulative temperature density graph. In this way, meteorological data can be available in all cities, which will enable more accurate simulation assessments on building energy.
Introduction
The Building sector is one of the main energy use sectors, and the ratio of building energy consumption to total energy consumption increased from 33.7% to 41.1% between 1980 and 2010 in the U.S. [1] . On a broader scale, the building sector currently accounts for 35% of the total global energy usage [2] . The Republic of Korea has aimed to reduce its greenhouse gas emissions by 37% from business-as-usual (BAU) levels by 2030, coinciding with the start of the Paris Agreement that is intended to deal with climate change. Korea has made efforts to reduce energy usage and to improve energy usage efficiency in the operation phase of the building sector [3] . Accordingly, the government in Korea has started rating the energy efficiency of residential and non-residential buildings based on the Building Energy Efficiency Rating System from the Ministry of Trade, Industry and Energy. This has been occurring since 2001 to reduce greenhouse gas emissions in the building sector, which accounts for about 25% of all emissions in Korea [4] [5] [6] . This has strengthened policies regarding improvements on building energy efficiency, including mandatory zero energy in public buildings by 2020 and mandatory zero energy in all buildings by 2025, on pace with the international trend [4] [5] [6] .
South Korea has operated the Building Energy Efficiency Rating System for all new buildings in order to reduce typical building energy, and has evaluated the building energy consumption quantitatively by using the EOC2 program, which is a building energy analysis tool based on DIN18599 used in Germany and ISO 13790 [7] [8] [9] . This system calculates a rating based on the primary energy consumption [7] [8] [9] due to heating, cooling, hot water, lighting, and ventilation, all of which are required in buildings. Currently, the standard meteorological data used in the EOC2 program refers to meteorological data in 13 typical cities (including Seoul) in Korea, which were distributed by the Korean Solar Energy Society in 2009, which in turn are based on the ISO TRY (International Organization for Standard Test Reference Year) calculation method [10] . However, the data does not reflect the current climate because the data are meteorological data for the past 30 years, and therefore does not account for recent climate change. For example, Seoul, the capital city of Korea, has increased the average temperature of the coldest month by 3 • C, to −2.4 • C in recent years, and its climate zone has been changed from Dw to Cw in terms of the Koöppen climate classification system since 2009 [11] . The assessment guideline in the Building Energy Efficiency Rating instructs that for locations other than the 13 cities where the standard meteorological data sets are available, the data of the closest city, in terms of distance, should be selected to assess them. The altitude and urban heat island phenomenon in the assessed cities are not reflected, which is why monthly average temperatures are different, even between close cities. For example, Seoul and Paju use the same meteorological data, but their difference in monthly average temperature in winter is 3 • C. With the assessment using this limited meteorological data, the accuracy of the assessments on energy consumption required annually, including cooling and heating energy amounts and consumption in the buildings, may be degraded in energy simulations [12] . A number of methods to generate the typical weather data for locations other than the 13 cities have been widely developed by various researchers for building designs, building systems, and building environment studies: Typical Meteorological Year (TMY), National Renewable Energy Laboratory Typical Metrological Year version 2 (NREL TMY2s) [13] [14] [15] , International Weather Year for Energy Calculation (IWEC) [16] , and Test Reference Year by Europe (TRY) [17] , etc. The same calculation technique called the Sandia Method devised by Hall in 1978 is applied to the TMY methodology and NREL TMY2 methodology. This method applies the Fs statistics proposed by the cumulative distribution function (CDF) for every meteorological element to select a candidate year, thereby calculating an absolute difference between the long-term CDF and short-term CDF distribution for each year for the calculation period. Afterward, a weight for each calculation method is applied to calculate a sum for the meteorological elements, thereby selecting five candidate years whose sum is the least. Then, ranks of the values whose difference between the long-term mean and long-term median of the long-term data and the selected five candidate years are determined. It is a method to select final representative years by eliminating years that include frequencies and duration of the days of lower than 33% of global horizontal irradiance (GHI) and above 67% and lower than 33% of the average dry air temperature. The NREL TMY2 has the same procedure with that of TMY, but it adds the direct normal irradiance, thereby applying 50% weight of the global horizontal irradiance (GHI) by 25%, respectively. For IWEC its procedure and applied data are the same as those with the IWEC method TMY published by ASHRAE in 2002 but it uses a method that expands a weight of the average air temperature from about 8.3% to 30% and minimizes a weight of wind speed. In ISO 15927-4 (proposed in 2005), primary meteorological elements such as air temperature, relative humidity, and global horizontal irradiance (GHI) as well as secondary meteorological elements such as average wind speed are used. Here, no weights for meteorological elements are applied. Regarding these various calculation methods, Yoo et al. (2012) [18] reported that most calculation methods using a weight employed weights of air temperature and solar radiation, which accounted for 60% to 80% of all weight using methods, and that applied meteorological elements were also similar. However, the results of the standard years calculated by simple calculation methods such as TRY and air temperature and horizontal solar radiation of measured data showed more than a significance level of 99%, the same as other methodologies, and a significance level of mean wind speed showed the most similarity of 0.8%. Thus, it would be advantageous to produce standard meteorological data through ISO TRY, which can produce data simply in the relative sense. Thus, these were designed in order to overcome the limitation of meteorological data in regard to the regional characteristics and the most up-to-date meteorological data not being reflected. The present paper extended the standard meteorological data for cities as much as possible using the ISO 15927-4 [19] methodology from the existing standard meteorological data of 13 representative cities. Thus, the main purpose of this study was to utilize the Korean weather data as foundational data for building energy assessment by breaking down and expanding the Korean weather data as much as possible-a difficult task given that the annual range is large and the temperature difference varies between north and south regions and between east and west regions as a result of the significant influence of the Eurasian continent due to the geographical characteristics associated with Korea's location on the eastern shore of the Eurasian continent.
Study Method and Procedure
The present study aims to develop extended standard urban meteorological data based on raw meteorological data recorded at the observatories in Korea. The study procedure to accomplish this is as follows: First, regions that have valid values of meteorological parameters for a statistical period of more than 10 years according to the methodology are extracted as raw data. The required meteorological elements are in accordance with ISO15927-4 methodology, from manned and unmanned meteorological observations in Korea. Second, the data collection period is set to the longest statistical period, which is from 2001 to 2010 (10 years), and the meteorological data that is produced using the derivation method of meteorological reference year is provided by ISO 15927-4. Sixty-six cities satisfy the period condition suggested by the methodology. Third, for cities without horizontal global insolation data among the standard meteorological data of the 66 cities created by ISO 15927-4, global horizontal irradiance (GHI) values of cities where GHI data is available among the closest cities with that data available are used. Fourth, similar climate regions are zoned using the cumulative temperature density graph pattern with adjacent regions for si (cities), gun (counties), and gu (districts) in Korea, and the assessments of the cities and regions outside the 66 cities are conducted by interlinking the standard meteorological data of the 66 cities.
Construction of the Standard Meteorological Data

Securing Meteorological Data
The present study secured meteorological data of 46 regions, including 45 representative land regions and one Jeju region (southernmost island in Korea) from the Korea Meteorological Administration (KMA) for the 30-year period from 1981-2010. Then the raw data of the meteorological parameters, such as wind direction, wind speed, insolation, and quantity of horizontal solar radiation, air temperature, dew point temperature, and relative humidity, were investigated. Data that had only air temperature or did not satisfy the minimum valid period, which was a consecutive period of 10 years, due to a short measurement period, from either manned and unmanned measured meteorological data at any of the 527 regions recorded by the KMA were excluded [11] . The investigation results for the raw data between 2001 and 2010 among urban data in the 66 cities where valid meteorological data was available within the period showed that an omission data ratio of meteorological parameters such as air temperature, relative humidity, wind speed, dew point temperature, and wind direction was 0-0.01% on average, which was still found to be valid for processing as standard meteorological data. In contrast, horizontal global insolation data were measured at only 20 out of 66 cities, and the result of analysis of the data showed its omission data ratio of horizontal GHI and sunshine was 17.9% on average, which was higher than that of the other meteorological parameters. However, this data omission was due to the omission of sun rise and sunset times. Thus, this data is considered valid for processing as standard meteorological data.
Data Production Procedure
The difference in methodologies of how to produce standard meteorological data can be divided according to the meteorological parameters to be considered, the importance per parameter, the selection procedure of the reference year, and the selection method of the final data [18] . Furthermore, studies on the comparison of production methods for standard meteorological data reported that although a ratio of weight per meteorological parameters was important, the selection procedure affected the data more significantly [18] . Although it is ideal to apply a production method that suits each city by considering the climate characteristics of that city, air temperature and GHI were more influential on the cooling and heating load in energy assessment than the other factors. The reason for the important role of air temperature, GHI, and humidity building energy consumption was because the building energy requirement is calculated by a sum of envelope conduction heat loss, which is a loss due to temperature difference between outdoor and indoor environments, loss due to ventilation heat loss, heat generation acquisition from internal equipment and human bodies, and acquisition due to GHI. Furthermore, for the Korean climate, which is characterized by high temperature and humidity in summer, since a latent heat load is also calculated during the facility load calculation to compute energy consumption, humidity is an essential element for energy consumption calculation. Difference in the average load compared to the result of a single year according to the standard meteorological data methodology was insignificant according to a study on the comparison of cooling and heating loads by a production model. Thus, the present study employed ISO TRY (ISO 15927-4) [15] , which can be produced easily, to extend urban meteorological data [20] . In ISO 15972-4, best years are selected through air temperature, global horizontal irradiance, and relative humidity as the primary data, and final standard years are selected through mean wind speed with regard to three candidate years. This is because these are the key parameters for cooling and heating calculation. There are no weights for meteorological elements applied in ISO TRY, and the manner used to select standard years is as follows:
Step 1-Daily average values of the metrological parameters (air temperature, relative humidity, and GHI) per hour are calculated for the 10-year time series.
Step 2-All monthly values for the entire statistical period are sorted in ascending order, and then using the cumulative distribution function (CDF), a daily average cumulative distribution function for the entire statistical period is calculated (long-term CDF).
Relative humidity (%). I: Global horizontal irradiance (MJ/m 2 ). K(i): Rank of the daily average i value that corresponds to a month among the data in the entire statistical period.
N: Number of days in a month among the data in the entire statistical period.
Step 3-All values of each year that correspond to one month among the data in the entire statistical period are arranged in descending order, and then the daily average CDF for each year in each month is calculated through the following equation (short-term CDF).
F: Daily average CDF in each month. J(i): Rank of daily average i value of the year that corresponds to each month out of the entire statistical period.
n: Number of days in the year that correspond to each month out of the entire statistical period.
Step 4-Fs(p,y,m) is calculated through the Factor Security (Fs) statistics to compare the long-term and short-term CDF for each month.
Fs: absolute value between long-term CDF for the entire calculation period and short-term CDF for each year.
Φ: Daily average CDF during the entire statistical period.
Step 5-A rank of an Fs(p,y,m) value for each month is arranged in descending order, and then three meteorological parameters (air temperature, relative humidity, and GHI) are arranged by year for each month, followed by a summation of the ranks. The three lowest totals are selected as three candidate days, and an average value of wind speed data for the year that corresponds to the month is calculated. Then, the mean of all wind speed data within the entire statistical period that corresponds to the month is calculated, and a deviation with the previously calculated mean value is calculated. To select the representative month among three candidate months, the month that had the least deviation of the mean is indicated as being the "best", and is used as the representative month.
Step 6-Meteorological parameters during the last eight hours in each month and meteorological parameters during the first eight hours in the next month are connected smoothly to combine the representative month with the virtual year. Furthermore, compensation work including the last eight hours in December and the first eight hours in January of the next year should also be performed to employ the reference year iteratively in the simulation. Fs: absolute value between long-term CDF for the entire calculation period and short-term CDF for each year.
Construction of Standard Meteorological Data
Step 6-Meteorological parameters during the last eight hours in each month and meteorological parameters during the first eight hours in the next month are connected smoothly to combine the representative month with the virtual year. Furthermore, compensation work including the last eight hours in December and the first eight hours in January of the next year should also be performed to employ the reference year iteratively in the simulation. Then the mean wind speed for each of the candidate months and the mean value of wind speed data during the entire statistical period were calculated, and a deviation between the mean values was calculated. Table 1 presents the results of Figure 1 , in which Fs values and ranks concerning three weather data values are presented. Table 2 presents the deviations, and January in 2004, which was selected as the representative month because its deviation was the least of the candidate months, at 0.06.
Similarly, the other months (February to December) and 65 other regions outside Seoul were statistically processed. Table 3 presents the monthly reference years determined for 66 regions. A value of GHI during the assessment on building energy is highly relevant in calculating the required building energy value. Thus, it is important to set up a GHI value that reduces the error range as much as possible for regions where GHI was not measured when building energy values are calculated in the 66 regions in Korea. Since measured GHI data in Korea was lacking, the same insolation in the closest region (20 cities) where insolation data was available was applied to the other 46 regions where GHI was not measured. The result of the process is shown in Figure 2 , and is also summarized in Table 3 . Note that this methodology has several limitations. First, it cannot provide accurate solar radiation data for all regions because it draws solar radiation of adjacent city based on the assumption that a difference in solar radiation between regions except for regions of lowest (Seoul: 4144) and highest (Mokpo: 5110) solar radiation was not so significant (mean: 4760). Regarding this assumption, when the 1D linear interpolation methodology was used for the investigation, the solar radiation of Daejeon, located between Seoul and Mokpo, was 4707 (actual solar radiation was 4820), which revealed approximately a 2.3% difference. Second, for urban regions, there is a need to consider how solar radiation and temperature affect buildings according to height and density of high-rise buildings. Nonetheless, this study method has a limited ability to consider a spatio-temporal structure such as urban heat island. Thus, for future studies, a study on solar radiation and artificial heat source for urban regions is needed for more detailed assessment. Despite these limitations, it provides a solar radiation value similarly to each of the expanded regions according to the characteristics of the current ECO2 assessment program and its role is limited to providing data values based on the assumption that no significant effect is exerted on adjacent buildings around the building in metropolitan cities. 
Derivation of Similar Climate Zone
A representative single meteorological data point should be selected to evaluate building energy in a region where buildings are constructed. Thus, si, gun, and gu in Korea should be zoned with regard to the 66 cities where the standard meteorological data was constructed by using the process detailed in the previous sections.
The administrative divisions in South Korea consist of one special city (Seoul), one special self-governing city (Sejong), six metropolitan cities (Incheon, Gwangju, Daegu, Daejeon, Ulsan, and Busan), eight provinces (Gangwon-do, Gyeonggi-do, Gyeongsangbuk-do, Gyeongsangnam-do, Jeollabuk-do, Jeollanam-do, Chungcheongbuk-do, and Chungcheongnam-do), and one special self-governing province (Jeju-do). On a smaller scale, the administrative divisions include 74 si (cities), 84 gun (counties), and 69 gu (districts), which result in 227 si, gun, and gu in total (excluding administrative city and self-governing gu) [21] .
In this study, si-gun-gu were set to the minimum unit of the similar climate zone. In 161 out of 227 si, gun, and gu (71% of all si, gu, and gu in Korea) temperature data was recorded and the 227 si, gun, and gu were zoned. Eight do (provinces), one special city (Seoul), one special self-governing city (Sejong), and five metropolitan cities, excluding Incheon metropolitan city, (Gwangju, Daegu, Daejeon, Ulsan, and Busan) were set as a single zone. For similar climate zoning of a total of 161 si-gun-gu regions within the 66 regions of the standard meteorological data, hourly air temperature data from 2012 (one year) was obtained from the KMA. Data for 95 out of the 161 cities, excluding 66 cities where the standard meteorological data was already created, was obtained by unmanned observation. Among the regions, there are 86 regions where currently measured data is available (just air temperature), and the other nine regions had no available data. Thus, the regions where the air temperature data was not available were set to employ the air temperature and the meteorological data of the adjacent regions, as presented in Table 4 . For zoning of the 86 regions where data was measured by unmanned observations within the 66 regions where the standard meteorological data was actually measured, cumulative temperature density data (compared to 10-year hourly mean air temperature data) at the unmanned observation regions were compared with that of the standard meteorological data in the closest region, thereby matching two cities where the least difference was found. For example, Figure 3 presented graph of cumulative temperature density at Yangyang and Danyang, which were two comparative cities, showed that Yangyang had the most similar temperature zone with that of "Sockcho" (Fs value: 0.3) compared with other adjacent regions (Gangneung, Pyeongchang, Inje, and Hongcheon). Similarly, the analysis results showed that Danyang formed the most similar climate zone with that of "Youngwol" (Fs value: 0.3). For zoning of the 86 regions where data was measured by unmanned observations within the 66 regions where the standard meteorological data was actually measured, cumulative temperature density data (compared to 10-year hourly mean air temperature data) at the unmanned observation regions were compared with that of the standard meteorological data in the closest region, thereby matching two cities where the least difference was found. For example, Figure 3 presented graph of cumulative temperature density at Yangyang and Danyang, which were two comparative cities, showed that Yangyang had the most similar temperature zone with that of "Sockcho" (Fs value: 0.3) compared with other adjacent regions (Gangneung, Pyeongchang, Inje, and Hongcheon). Similarly, the analysis results showed that Danyang formed the most similar climate zone with that of "Youngwol" (Fs value: 0.3).
Using the above method, graph patterns of the cumulative temperature densities in 86 regions were analyzed with regard to the standard meteorological data of the adjacent cities, so that 86 regions were matched with the existing urban standard meteorological data (Table 5) . Using the above method, graph patterns of the cumulative temperature densities in 86 regions were analyzed with regard to the standard meteorological data of the adjacent cities, so that 86 regions were matched with the existing urban standard meteorological data (Table 5 ). 
Conclusions
The ECO2 program, which was an assessment tool of building energy in South Korea, had a limitation due to the inability to consider meteorological differences between cities, as it only reflected one of the standard meteorological data types of 13 cities. This was the data of the closest region to the location where the buildings to be assessed were located. In this study, data observed in South Korea was used as much as possible to perform more accurate building energy assessments than before by expanding the urban standard meteorological data observations to consider as much as possible the urban climate characteristics of the city where buildings were built.
(1) The standard meteorological data of 66 cities were presented through the ISO 15927-4 method, which was the international standard method, using raw data of manned and unmanned observed meteorological data for a minimum statistical period (10 years from 2001 to 2010). (2) Among 66 standard meteorological data sets created using the ISO TRY, for regions where the horizontal global insolation data was not available, the data was employed from an adjacent region. (3) By means of similar climate zoning using a graph pattern of the cumulative temperature density, 66 regions where the standard meteorological data was available were matched with regions where data was unavailable among 161 si, gun, and gu (minimum unit of administrative region for weather data) in South Korea. (4) The extended standard meteorological data can provide the most approximate standard meteorological data according to the building's location to be built in South Korea, thereby increasing the accuracy of assessment results of building energy as compared to the existing standard meteorological data.
In the future, the differences in cooling and heating energy requirements in buildings should be investigated by applying both the existing meteorological data for the 13 representative cities and newly created meteorological data to the detailed building energy simulation program.
